Context: Severe Cushing's syndrome elicited by ectopic ACTH syndrome (EAS) or adrenal carcinoma (ACC) can threaten life in the short term. The effectiveness of oral administration of the inhibitors of steroidogenesis ketoconazole and metyrapone in this situation is poorly described. Objective: To report the short-term effectiveness and tolerability of metyrapone and ketoconazole elicited either by EAS or by ACC in patients exhibiting severe hypercortisolism. Design: Retrospective analysis of data obtained for patients with urinary free cortisol (UFC) level estimated to be fivefold the upper limit of the normal range (ULN). Patients and settings: A total of 14 patients with EAS and eight with ACC treated in two tertiary-care university hospitals. Intervention: Metyrapone and ketoconazole treatment in combination (along with symptomatic treatments for co-morbidities). Main outcome: Evolution of clinically relevant endpoints (blood pressure, kalaemia and glycaemia) and biological intensity of hypercortisolism 1 week and 1 month after starting steroidogenesis inhibition. Results: After 1 week of treatment, median UFC fell from 40.0 to 3.2 ULN and from 16.0 to 1.0 ULN in patients with EAS and ACC respectively. Median UFC after 1 month of treatment was 0.5 and 1.0 ULN in patients with EAS and ACC respectively and UFC values were normal in 73 and 86% of patients respectively. Clinical status improved dramatically along with kalaemia, glycaemia and blood pressure, allowing a decrease in the relevant treatments. Side effects were minimal and only two patients (one EAS and one ACC) experienced plasma transaminase elevations necessitating ketoconazole withdrawal. Conclusion: Metyrapone-ketoconazole combination therapy is well tolerated and provides rapid control of endocrine cancer-related life-threatening hypercortisolism.
the catabolic and metabolic consequences of CS are exacerbated including severe hypertension, hypokalaemia, major hyperglycaemia and bedridden condition secondary to amyotrophia (2, 3, 4, 5, 6) . Severe hypercortisolism also favours systemic infection, sepsis due to opportunistic pathogens such as Pneumocystis carinii (7) and venous thromboembolism (8) . Patients with severe hypercortisolism may experience other complications such as acute heart and respiratory failure, peritonitis due to gut perforation, pancreatitis and acute psychosis. In such instances, curative surgery of the source of ACTH secretion or of the ACC may be impossible to perform and cytotoxic chemotherapy may be associated with an increased risk of infections and death (9) . Essentially, severe hypercortisolism threatens the short-term vital prognosis, pulmonary embolism and infections being significant causes of death in patients with EAS (10, 11, 12) . Surgical removal of the neoplasm responsible for CS is not always possible, either because ectopic ACTH-secreting tumours may be occult at symptom onset or because ectopic ACTH-secreting tumours and ACCs are unresectable or metastasised. Bilateral adrenalectomy (BLA) may be an option in patients with EAS, but pre-operative control of hypercortisolism may facilitate surgery and avoid perioperative complications in patients with poor overall condition (13) . Otherwise, rapid correction of hypercortisolism is recommended before induction of cytotoxic chemotherapy in order to minimise the side effects of myelosuppressive cytotoxic chemotherapy (14) . Thus, rapid control of hypercortisolism is mandatory to ensure short-term survival and enable medical or surgical therapies directed at the underlying tumour. Yet, very few studies have addressed this issue. Glucocorticoid receptor blockade with mifepristone has occasionally been reported to be effective (15) but is difficult to monitor and may worsen pre-existing hypertension and hypokalaemia. Inhibition of steroidogenesis with the anaesthetic drug etomidate has also been reported but its hypnotic properties limit its use (16) .
Metyrapone and ketoconazole are fast-acting, orally administered drugs that inhibit distinct enzymes involved in adrenal steroidogenesis and thereby reduce cortisol production synergistically (2, 17, 18, 19) . There are few published data on the treatment of severe hypercortisolism with these two drugs, alone or in combination, and this is especially true for patients with ACC. In addition, the rare published series and case reports often lack detailed information about the impact of these drugs on the magnitude of the biological response and the impact on hypercortisolism-induced morbidities such as hypertension, hypokalaemia and hyperglycaemia (4, 10, 11) .
The aim of this study was to analyse the short-term clinical and biological effectiveness and tolerability of the metyrapone and ketoconazole in a significant number of patients with severe hypercortisolism due to EAS or ACC.
Patients and methods

Patients
Data for 22 patients treated in the endocrinology departments of Bicêtre and Bordeaux university hospitals (France) were analysed. The data were collected as part of routine patient management, and local ethics committee approval was obtained for their analysis. Patients were eligible for the study if they had poor clinical status due to severe hypercortisolism related to underlying EAS or ACC. Severe hypercortisolism was defined as a mean 24-h urinary free cortisol (UFC) level O5 times the upper limit of the normal range (ULN) in at least three samples.
Fourteen patients (12M/2F; age 53 (24-71) years) had EAS. The ACTH-secreting tumours were: bronchial (# 1, 2, 6 and 11) or pancreatic (# 5, 7, 10 and 12) or thymic carcinoid tumours (# 13), of unknown origin (metastatic neuroendocrine carcinoma, # 8), small-cell lung carcinomas (# 3 and 9), medullary thyroid carcinoma (# 14), and one occult tumour (# 4). Eight patients had cortisol-secreting ACC (2M/6F; age 60 (20-71) years). The ENSAT stages (20) were 2 and 4 in three and five patients respectively.
Complications of hypercortisolism are given in Tables 1  and 2 . Briefly, 96% of patients were hypertensive, 88% had hypokalaemia and 75% developed diabetes. In addition, half of the patients had at least one other severe complication due to severe CS (psychiatric disorders, opportunistic infections, phlebitis or pulmonary embolism, fractures, bedsores and bedridden status due to sarcopenia).
Intervention
All the patients received oral combination therapy with metyrapone (Metopirone 250 mg; Novartis) and ketoconazole (Nizoral 200 mg; Janssen-Cilag, Issy-les-Moulineaux, France). Metyrapone and ketoconazole were introduced either simultaneously or sequentially in the time frame of the study. Mitotane (Lysodren 500 mg; HRA-Pharma, Paris, France) was also introduced simultaneously or later in six out of 14 patients with EAS and six out of eight patients with ACC. The starting dosages were variable (median: metyrapone 2125 mg/day and ketoconazole 900 mg/day) and were subsequently adjusted according to clinical severity, UFC excretion and adverse effects. Oral hydrocortisone replacement therapy was sometimes used to prevent iatrogenic adrenal insufficiency or when serum cortisol levels were subnormal. Follow-up included regular assessment of clinical status, routine biochemical parameters and endocrine biology. Patients were hospitalised and great attention was paid to symptomatic treatment of co-morbidities including spironolactone and potassium supplementation, antihypertensive therapy and glucose-lowering oral drugs or insulin. As mitotane has been known to increase serum corticosteroid-binding globulin (CBG) concentration (not measured in this study), and thereby increasing total serum cortisol concentration (21), we monitored cortisol secretion using its urinary excretion. In some patients, salivary cortisol was also assayed to circumvent the increase in CBG levels (22, 23) .
Hormonal evaluation
Serum cortisol and ACTH, UFC, and urinary creatinine were measured (24, 25) at Bicêtre and Bordeaux hospitals. The choice of assay kits and procedures aimed at preventing 11-deoxycortisol cross-reactivity with cortisol immunoassays (26, 27) . Urinary cortisol was measured by a specific RIA using polyclonal antibodies (Orion Diagnostica, Spectria, Espoo, Finland) after dichloromethane extraction and celite chromatography. The intra-and inter-assay coefficient of variation (CV) values were lower than 7%. The limit of quantification was 5 mg/l at Bicêtre and 8 mg/l at Bordeaux. The normal range of UFC excretion was 10-65 mg/day at Bicêtre (24) and 15-80 mg/day at Bordeaux. The accuracy of urine specimen collection was verified by measuring 24-h urinary creatinine excretion. Serum cortisol concentrations were measured by a chemiluminescent competitive immunoassay using a polyclonal antibody (at Bicêtre Immulite; Siemens, Deerfield, MI, USA and at Bordeaux DXi, Beckman-Coulter, France) and a RIA assay (Gamma Coat; Dia Sorin, Stillwater, MN, USA) at Bordeaux. The intraand inter-assay CV values were !8%. The limit of quantification was 6 nmol/l at Bicêtre and 12 nmol/l at Bordeaux. ACTH concentrations were determined at Bicêtre with a chemiluminescent assay (Siemens Healthcare Diagnostics Products, Llanberis, UK) and at Bordeaux by an IRMA T0   M1   T0   M1   T0   M1   T0   M1   T0   M1   T0   M1   T0   M1   T0   M1  T0 M1   T0  M1 T0 M1   1 35.5 The intra-and inter-assay CV values were !5%. The limit of quantification was 1.1 pmol/l at Bicêtre and 1.2 pmol/l at Bordeaux.
Statistical analysis
Daily drug dosage (DDD), based on tables of equivalent antihypertensive power for the various antihypertensive drugs available at their various doses to enable comparison, was used for calculations (28) . The DDD tables originate from the hypertension unit of Pompidou European Hospital (Paris, France).
The results are expressed as medians and ranges. The Wilcoxon signed-rank and c 2 tests were used, as appropriate.
The P values !0.05 were considered statistically significant.
Results
Patients with EAS
Median UFC dramatically decreased from 40 (12; 288) ULN at baseline to 3.2 (0.4; 12.3) ULN after 1 week ( Fig. 1) , when 50% of patients had normal UFC values (%1.2 ULN). One patient (#3) with small-cell lung cancer died within 1 month of metastatic spread. Despite sustained elevated plasma ACTH concentrations (median 53 pmol/l, Table 2 ), a 96% median decrease in UFC level was observed after 1 month of treatment. Median UFC was 0.5 ULN, and values were normal in 73% of patients. A similar trend was observed for midnight plasma cortisol. Hydrocortisone had to be introduced in two patients (#4 and #6 after 0.1 and 0.3 months respectively). A rapid and dramatic improvement in clinical status and the relevant endpoints closely followed biological regression of hypercortisolism. One month after treatment initiation, the median kalaemia had risen from 2.6 (1.8; 4.0) to 4.0 (3.0; 4.3) mmol/l, in parallel with a reduction in potassium supplementation and the spironolactone dosage (P!0.05). The prevalence of hypokalaemia fell from 92 to 10%. Systolic and diastolic blood pressure (sBP and dBP) fell from 165 (120; 190) to 120 (100; 150) mmHg and from 95 (50; 122) to 80 (50; 90) mmHg respectively (P!0.01 and P!0.05), in parallel with a non-significant reduction in DDD. The prevalence of hypertension requiring drug treatment fell from 83 to 58%. Fasting blood glucose fell from 13.2 (5.5; 66.0) to 6.6 (5.0; 8.8) mmol/l, in parallel with a reduction in glucose-lowering drug use. The prevalence of diabetes requiring drug treatment fell from 78 to 50%.
Plasma transaminase increased in one patient (EAS#8, undocumented) necessitating ketoconazole discontinuation. This patient died of cancer with hepatic metastasis 2 months after the commencing medical therapy despite chemotherapy. No data are available regarding his liver biochemical parameters. Out of 14 patients, five complained of mild nausea.
Patients with ACC
Baseline median UFC dramatically decreased from 16 (8; 44) ULN at baseline to 1.0 (0.9; 17.3) ULN after 1 week (Fig. 1) , when 75% of patients had normal UFC values.
A 94% median decrease in UFC was observed after 1 month of treatment with a median UFC of 1.0 ULN, when , in parallel with a reduction in DDD from 1.5 (0.0; 4.0) to 0.5 (0.0; 4.0) (NS). The prevalence of hypertension requiring drug treatment fell from 88 to 50%. Fasting blood glucose fell from 6.1 (3.9; 24.2) to 5.0 (3.9; 7.2) mmol/l, in parallel with a reduction in glucose-lowering drug use. The prevalence of diabetes requiring drug treatment was not significantly changed (12%). Plasma ASAT and ALAT levels increased up to two and five ULN, respectively, in one patient (ACC#1) necessitating discontinuation of ketoconazole. The patient underwent successful surgical resection of the ACC within 2 months after commencing medical therapy, and plasma transaminases returned to normal levels. Out of eight patients, six complained of mild nausea.
Follow-up
As indicated, one patient died within the study period, i.e. 1 month.
Six patients with ACC died within the first year as they had unresectable ACC associated with progression of the disease despite chemotherapy; the two other patients were operated for ACC, received mitotane as adjuvant therapy and are free of the disease after 4 years of follow-up.
The four patients with EAS due to bronchial carcinoids underwent successful resection of their tumour and were cured of CS. Nine patients had unresectable ACTHsecreting tumours and underwent BLA associated with cytotoxic chemotherapy. The source of ACTH is still occult in one patient (EAS#4) who is in remission from CS using mitotane treatment exclusively.
Discussion
Severe hypercortisolism is associated with life-threatening acute disorders (10, 11) . Despite variations among the patients in the dosage protocol used, we demonstrate that relatively high doses of metyrapone and ketoconazole used in combination dramatically decrease cortisol production within 1 week in all EAS patients and provide control of hypercortisolism at 1 month in a majority of EAS patients. In line with a previous report involving a small number of patients (24) , we also observed that the decrease in cortisol production was associated with a rapid and dramatic clinical improvement, as illustrated by the control of hypertension, hypokalaemia and hyperglycaemia allowing a reduction in the dosages of drugs used to treat these disorders. Adrenal insufficiency, defined as low (!160 nmol/l) 0800 h serum cortisol measured during the follow-up, occurred in 15% of patients, but it may be considered as a therapeutic objective rather than an adverse effect in this setting. Despite the methodological caveats due to the retrospective design of our study that hampers any dose-response evaluation, it is noteworthy that the initial prescribed dose required only marginal adjustment in most patients, and that, at least during the first month of treatment, steroidogenesis blockade was not overcome by ACTH secretion.
To date, the impact of this combination therapy has only been reported in rare cases of ACC. Our study demonstrates that a roughly similar benefit to that obtained in EAS can be expected. The relatively inferior improvement in hypokalaemia in ACC patients might be related to the synthesis of mineralocorticoid precursors by ACC that was not targeted by ketoconazole and metyrapone (3) . Efforts have been made in the recent years to improve the prognosis of ACC (29) . However, the only chance of prolonged survival in these patients is complete surgical removal. In patients with non-resectable cortisolsecreting ACCs, a dramatic improvement in glucocorticoid secretion is crucial, as severe hypercortisolism may increase the prevalence of severe infections during chemotherapy (30) and has also been identified as an additional factor of bad prognosis (9, 31) .
Mitotane, a powerful adrenolytic drug, was introduced concomitantly with metyrapone and ketoconazole in a few of the EAS patients and roughly half of the ACC patients in our study. Although mitotane as monotherapy has been shown to be useful to control hypercortisolism in the long term, we believe that it is unlikely to have contributed much to the short-term control of hypercortisolism observed herein, as its antisecretory effect takes several months to emerge ( (1, 22, 32) , and Salenave et al. manuscript in preparation). In Cushing's disease, the delay to obtain remission was 6.7 months with no remission at 1 month (32) . In patients with ectopic ACTH secretion that were treated using solely mitotane, the time needed to achieve a normal urinary cortisol level on mitotane therapy was 130G85 days (range 16-307) (16) . Mitotane was administered to all patients with ACC, but its introduction was sometimes delayed by a few days or weeks (Tables 1 and 2) , as severe hypercortisolism was considered the most urgent problem to solve and as some patients could hardly ingest the total amount of pellets prescribed.
The adverse effects of metyrapone and ketoconazole consisted mainly of mild gastrointestinal disorders. Transaminase elevations occurred in two out of 22 patients and were reversible after ketoconazole discontinuation. Castinetti et al. (17) reported such effects in !5% of patients in a large series of patients with Cushing's disease. Although the median doses of ketoconazole used in our patients were greater than that used in the large series of patients included in the study by Castinetti et al. (17) , our data confirm the relatively good liver tolerance of ketoconazole at high doses. Interestingly, in three patients with elevated transaminase levels at baseline, possibly due to the impact of severe hypercortisolism on the liver, we observed a significant improvement in liver function test results. Although close monitoring of liver function is mandatory during ketoconazole treatment, our data indicate that abnormal liver function at baseline should not preclude the use of this drug in this setting. Notably, hypokalaemia improved in all patients and we never observed worsening of hypokalaemia due to metyraponeinduced deoxycorticosterone production.
One main study has described the effectiveness of metyrapone monotherapy to control hypercortisolism in ten out of 16 patients with EAS but lacks detailed information on the clinical improvement of patients (4) . Notably, median doses of metyrapone used to control hypercortisolism were 4000 mg/day, e.g. approximately twice those used in our study. Gastrointestinal intolerance, e.g. the most prevalent and potentially limiting side effect of metyrapone, as well as metyrapone-induced deoxycorticosterone secretion resulting in hypokalaemia may increase at such doses (33) . The synergistic action of ketoconazole that acts on distinct steroidogenic enzymes may allow a better control of hypercortisolism with reduction of metyrapone dosage together with an improved tolerance (2) . Concordantly, ketoconazole monotherapy, even at high doses, may only partly control severe hypercortisolism (10, 11, 32) , an observation that reinforces the relevance of a combined medical strategy.
Bilateral adrenalectomy (BLA) may be an alternative option in patients with EAS (34, 35) . Despite the improvement in morbidity and mortality due to the development of laparoscopic approaches, a recent review has pinpointed the frequency of post-operative deaths in patients with EAS, which are likely to be due to the consequences of severe hypercortisolism (36) . We can speculate that a transient treatment with metyraponeketoconazole combination therapy in patients that are candidate to BLA may improve their general condition and, consequently, surgical morbidity (including wound infection and impaired wound healing) and mortality. This hypothesis is consistent with the recent series acknowledging the safety of BLA in EAS but in which a majority of patients underwent medical treatment for CS before surgery (34, 35) . Although our study focused on the short-term usefulness of the metyrapone-ketoconazole combination therapy, this regimen may also be effective in the mid-to long term (24) and prevent BLA patients with occult ACTH-secreting tumours. These cases that account for 13-26% of patients in a large recent series are usually bronchial carcinoids that are often identified and surgically removed during follow-up (10, 11, 37, 38) .
In conclusion, this study demonstrates that metyrapone-ketoconazole combination therapy is well tolerated and rapidly controls life-threatening severe hypercortisolism secondary to endocrine neoplasms. In patients with ACC, it may rapidly improve the patient's condition before surgery or reduce the risk of hypercortisolism-induced side effects associated with antineoplastic chemotherapy (13) . In patients with occult EAS or unresectable neoplasm, this treatment therefore represents an alternative to BLA (24) . Various initiation dosages have been proposed for CS (33) . Based on our data, starting doses of 2500 mg/day metyrapone and 1000 mg/day ketoconazole may be proposed when UFC is O5 ULN. Multiple daily measurements of plasma cortisol have been proposed to monitor steroidogenesis inhibition (4) . Our study suggests that UFC and 8-h plasma cortisol measurement using appropriate assays with minimal cross-reactivity with 11-deoxycortisol performed within 1 week after initiation of the treatment is a reasonable alternative.
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